Plant breeding is intended to seek for ways of realizing a genetic structure adapted to criteria and population needs. In this context, cross-pollinations are for great interest. They offer the means of creating a wide genotypic variability. However, a limited number of species are able to undergo hybridization studies. In Phaseolus L., improvement can be envisioned by either exploiting the primary genetic pool of the species, or the genetic variability of other species. In fact, there are wild or wild-like species more resistant to stresses or diseases than the cultivated ones. The methods of embryo rescues facilitate the interspecific crosses and contribute to exploiting the available genetic diversity within plant germplasm. Difficulties related to obtaining hybrids in grain legumes, and Phaseolus L. in particular, are reported in this research. It is possible to avoid the incompatibility barriers based on their appearance time. When they are pre-zygotic, the use of growth regulators during pollination is recommended. The in vitro explants culture is the most usual method to overcome the post-zygotic barriers. The mechanisms leading to abortion of hybrid embryos, as well as adequate methods to overcome the interspecific incompatibilities should be subjected to further studies.
INTRODUCTION
In plant kingdom, it is possible to increase the variability within the germplasm of the genetic pool using interspecific or intergenic hybridizations. This constitutes an interesting way for introgression of advantageous characters in cultivars with appreciated economic values (Nyabyenda, 2005; Nzungize, 2012) . According to AlAhmad et al. (2006) , Hillocks et al. (2006) and Nzungize et al. (2011) , it is usually the case in interspecific hybridization between Phaseolus vulgaris L. and others species like Phaseolus coccineus L. or Phaseolus polyanthus Greenman.
In fact, the common bean (P. vulgaris L.) is the most important food legume grown worldwide (Broughton et al., 2003; Nzungize, 2012) . It is a main crop in many countries of Sub-Saharan Africa, it is grown mainly by small farmers and constitutes a principal source of vegetable proteins for populations. But, important yield loss of common bean is partly due to biotic and abiotic stresses (Mahuku et al., 2003) . So, it is important to consider its improvement through hybridizations within the genus Phaseolus L.
This problematic concerns a lot of other plants and solutions differ from one specie to another, but the resort to biotechnology tool cannot be avoided.
However, the hybrids are not always easily obtained as the result of crosses. Several plant genus and species show incompatibilities during hybridizations (Hillocks et al., 2006; Barikissou, 2012) . The technics requested to go round the natural barriers of fertility differ depending on their survival time according to Jansky (2006) and Tsiantis and Hay (2003) .
In this manuscript, several cases of pre-zygotic and post-zygotic incompatibility barriers occurring during many plant crosses are identified and described. Then, some techniques which can be used to overcome these interspecific barriers are suggested according to plant biotechnology recent advances.
MANIFESTATIONS OF INTERSPECIFIC INCOMPATIBILITY BARRIERS
The incompatibilities occurring during the pollination process are referred to as prezygotic, and can be illustrated by the absence of pollen germination on the stigma (Kouadio et al., 2006) , the lack of pollen tube growth on the style tissues (Guéritaine et al., 2003; Jansky, 2006; Kaufmane and Rumpunen, 2002) , the incapacity of the pollen tube to penetrate the ovule (Fratini et al., 2006) , or the lack of the parental gametes fusion (Gurusamy et al. 2006) .
When the pollination is completed and the incompatibility occurs during or after the syngamy, the barriers are named post-zygotic (Gurusamy, et al., 2007; Nguema et al., 2013) , and often lead to interruption of the embryogenesis process, with different origin causes.
The action of genes can instigate the interruption of the development of the endosperm or its degeneration shortly after fertilization (Silué, 2009) , thus preventing the pro-embryo from nutritional needs necessary for growth (Jenczewski et al., 2003; Jansky, 2006) . Failure of the development of suspensor is responsible for the interruption of embryo growth before that of endosperm, leading to embryo abortion (Tischner et al., 2003) in most plant genus, whatever the development stage of the embryo (Jansky, 2006; Kouadio et al., 2006) . When the hybrid grains are obtained, other difficulties can occur within the hybrid populations, notably the sterility of F 1 and F 2 hybrids, the unbalance between the future generations, the transmission of desired characters and/or the return of offsprings to one of the parental forms in the most advanced generations.
INCOMPATIBILITIES WITHIN THE GENUS PHASEOLUS
Within the genus Phaseolus, the particular stage to which lead the development of hybrid embryos depends on the maternal parent, the biological form of the parental genotypes and the ability of crosses (Tsiantis and Hay, 2003; Umehara et al., 2007) .
The utilization of P. vulgaris cytoplasm easily conducts to hybrid plants, whatever the biological form of parents. Hybrid embryos present a normal or fast development in some cases than that of the parental embryos species. The hybrids however, demonstrate a progressive loss of pollinator characters in further generations. In contrast, when Phaseolus coccineus (or Phaseolus polyanthus) (♀) is crossed with Phaseolus vulgaris, abortion of hybrid embryos is frequent from the pre-globular to the cotyledonal stage (Geerts et al., 2002; Nguema et al., 2009) . The most probable cause of these abortions is attributed to the late development of endosperm compared to the embryo. This may be due to insufficient nutritional needs and the incoherence of the histological development between embryo and pod structures (Nguema et al., 2013) . At the globular stage, the blockage can be attributed to development problems of endosperm or nutrition of the ovule. The same processes can occur at the end of the globular stage (Barikissou, 2012) . The hormonal metabolism also widely influences the development of the interspecific embryos (Geets et al., 2002) . Despite the post-zygotic barriers, when Phaseolus coccineus or Phaseolus polyanthus (♀) is crossed with Phaseolus vulgaris, there are good possibilities of expression and introgression of characters compared to reciprocal crosses (Wolf et al., 2001; Chen et al., 2002) .
The early rescue of hybrid embryos via in vitro tissues culture appears important for overcoming the limiting barriers for obtaining the hybrids within the genus Phaseolus (Barikissou, 2012). The technique developed and improved by several authors for in vitro culture of Phaseolus hybrid embryos is summarized in three steps as follows: (i) the extraction and transfer of embryos on in vitro culture medium; (ii) the stimulation of embryos growth on the first medium; (iii) the rooting followed by development of embryo on a second medium (Umehara et al., 2007) . The in vitro culture was improved (Geerts et al., 2002) for the rescue of heart-shaped embryos of Phaseolus polyanthus and Phaseolus vulgaris. It allows a significant increase of the germination rate (averagely 20%) of embryos that well develop on different culture media to give rise to an elevated number of normal plantlets. The success is limited to heart-shaped embryos of 8 days old. The development of embryos in Phaseolus vulgaris depends partly on the osmotic gradient between young developing seeds and pods (Geerts et al., 2002) . The growth of pods seems to be appropriate for the rescue of immature embryos and the survival of hybrid plantlets of the genus Phaseolus when embryos abort at very early stage (Nguema et al., 2009 ). There are difficulties during extraction of embryos from ovule due to their relatively small size and fragility.
THE CASE OF OTHER LEGUMINOUS PLANTS
During crosses between Vigna unguiculata L. Walpers and V. vexillata (L.) A. Rich., incompatibilities occur between pollen and stigma on one hand, and between pollen and style on the other hand (Kouadio et al., 2006) the case is similar during hybridizations within potato group (Jansky, 2006) . Opposite to the previous observations, it was possible for the first time to regenerate plant hybrids through interspecific combination using in vitro culture of immature embryos (Gupta et al., 2002; Hillocks et al., 2006) . There are also incompatibilities between V. radiata L. Wilczek (♀) and V. mungo L. Hepper (Kouadio et al., 2006) . The seeds produced are not well developed and grown into plants with low yielding capacity. In contrast, in reverse crosses, seeds are totally or partially empty and fail to grow. During these crosses the percentage of embryos is very high (Gupta et al., 2002; Kouadio et al., 2006) . The use of V. mungo as a recurrent parent for successive crosses, limits these massive abortions, but generates short parental forms. 
POSSIBILITIES OF OVERCOMING OF INCOMPATIBILITIES BARRIERS
In interspecific hybridization, precautions are taken to insure the success of crossing. The first consist of choosing the parents according to the genetic distance in order to increase the chances of obtaining hybrids. The application of growth regulators to pistils for delaying the initiation of abscission of pods is usual for numerous interspecific hybridizations. This method was successfully used for Cicer arietinum L. and C. pinnatifidum L. Hybrid plants derived from Vigna mungo (black gram) and Vigna radiata (green gram) were favoured by the treatment of pistil with gibberellic acid (GA3), (Kaufmane and Rumpunen, 2002) up to 48 hours after pollination (Gupta et al., 2002) .
The technique of somatic duplication of chromosomes (mitotic polyploidization) allows the production of fertile diploid hybrids (Baudoin et al., 2004; Silué, 2009) . It is important for the evolution of higher plants. In fact, regular meiosis of allopolyploids species (i.e. those that contain a complete set of chromosomes from at least two distinct but related parents) implies that the pairing or recombination between homologous chromosomes from each parent should precisely be controlled to avoid bad segregation of chromosomes (Jenczewki et al., 2003) .
When the interspecific crosses are not easily successful and the incompatibility barriers are essentially post-zygotic, embryo rescue by in vitro culture become a logic step according to many authors as Fratini et al. (2006) and Gurusamy et al. (2007) . In general, embryos are extracted from ovules in pods. In certain cases, it's not easy. The embryo rescue at this time is possible through the prior culture of a part of entire ovule or pod (Barikissou, 2012) . It is also the case of Brassica spp., Cucumis spp., Gossypium spp., Helianthus L. and Nicotiana L. according to (Chen et al., 2002) and (Al-Ahmad et al., 2006) . The growth of part of the pod in the culture medium and in the presence of anther is required for the rescue of immature embryos in the genus Lillium L. This allows the embryo to benefit from the artificial conditions of the medium without a straight separation from the mother link (Umehara et al., 2007) . Embryo rescue gives rise to intergenic and interspecific hybrids (Yamagishi et al., 2002) . It is usually used when the endosperm degenerate rapidly to avoid the death of embryos. In this case, the properties of the endosperm should be taken into consideration (its composition, its kinetic of development, its ability to synthesize nutrients and make them available to embryo). For a direct rescue of the embryo, it should be excised and transferred on a nutritious medium.
Generally, the method has evolved by the establishment of more efficient media adapted for the specific needs of embryos, while taking into consideration their development stages and the crossed species. The indirect rescue of embryos implies subsequent stages in vitro. Thus, the cultures of pod (Geerts et al., 2002) , ovule, epillets and the callogenesis of a small embryo followed by its regeneration (Nzungize, 2012) , are the indirect methods requiring more time, but sometimes compulsory. Results differ from one genus to another and from one interspecific cross to another. The in vitro culture can allow the survival of zygote hybrids up to the adult stage in the case of failure linked to the development of zygote within the mother structure (e.g. late initiation of endosperm or in the embryo divisions). Therefore, the rescue of embryos is important for crossings in order to obtain plants from immature embryos while reducing the culture cycle (Gupta et al., 2002; Jansky, 2006) . This technique is used as a tool of immature embryo rescue able to evolve in the environment where the endosperm could be fainted. Considering the small size of the embryo, it is vital to optimize the components of culture medium. Many cases of the rescue of embryos through the in vitro culture exist in the plant kingdom (Table 1 ). The development of in vitro culture can be extended to several types of explants. The culture of embryogenic callus also constitutes an efficient mean of going round the postzygotic incompatibility barriers when they are very strong. Protoplast fusion can lastly contribute to enlarge the potentialities of interspecific hybridization and offer the new perspectives. These products so called "cybrids" correspond to interspecific or intergenic hybrid cytoplasms (Yamagishi et al., 2002) .
In the same way, Damier and Tagu (2003) in the one hand recommend on the use of molecular hybridization, while Jenczewski et al. (2003) in the other hand suggest the introgression of characters by the transgene methods. 
CONCLUSION
The interspecific hybridization contributes to increase the genetic diversity in plants. It is necessary for the plant breeder to have the maximum phytogenetic resources. This will occur before hybridization and introgression of desired characters and the creation of new plant materials. The phyletic distance between species has an important influence in the success of crossing. New individual obtained with or without desired characters is not always easy due to incompatibilities encountered between the genetic pools of species or during the interspecific crosses in Phaseolus. The sens of cross is important as the choice of genotypes used. The abiotic factors and the age of plants also influence the potentialities of the reproductive organs. The incompatibility barriers can be avoided by resorting to diverse techniques according to the reproductive process (pre and post-zygotic stages). It is necessary to proceed by approach during the evidence of incompatibility. This consists of looking at the mechanisms of pollination, fecundation and embryogenesis. The use of growth regulators applied in vivo or in situ on flours after pollination is the most common used method to overcome the pre-zygotic barriers. Above this stage, a precise exam of fecundation is required for identifying the probable causes of the absence of eggs fusion. The post-zygotic events preventing the development of embryos could be analyzed. It is only at this time that it can be envisioned that the embryo rescue by in vitro culture of explants in adequate media and according to adapted protocols in each case in order to obtain viable and adult plants with desired characters according to crosses results. 
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